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[Abstract]

PROBLEM TO BE SOLVED: To provide a method for manufacturing a liquid crystal
display device, in which a liquid crystal can be dripped with a quantity most suited
for respective substrates, with respect to the method for manufacturing the liquid
crystal display device, using the dripping injection method.

SOLUTION: In a dripping injection step, in the case of manufacturing two liquid
crystal display panels with division of one glass substrate 80 into two panels, for
example, describing two CF(color filter) substrates 82, on which post spacers are

formed, as A plane and B plane respectively as shown in figure, heights of the posts
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at a plurality of points (five points expressed by numerals 1-5 in the example shown
in the figure) in the respective A and B planes are measured with a laser
displacement detector 84 and an average value is obtained. In this way, the height
of the post spacers is measured beforehand, and the quantity of the liquid crystal to

be dripped is controlled based on the measured value.
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[Claim(s)]

[Claim 1] A process for manufacturing a liquid crystal display device
comprising the steps of: one-drop filling liquid crystél on a substrate; facing the
bottom end portion of the substrate serving to collect the dropping liquid crystal to
an opposite substrate, then adhering both of the substrates in a vacuum condition
and returning the vacuum condition to an atmospheric state; and injecting the liquid
crystal at the atmospheric pressure, wherein it estimates an optimum amount of the
liquid crystal sealed between two sheets of the adhered substrate based on the
condition of the substrate dropped with the liquid crystal and controls one-drop

filling amount of the liquid crystal based on the estimated amount.

[Claim 2] The process as set forth in claim 1, wherein the optimum amount of
the liquid crystal is estimated by measuring the height of a column type spacer

mounted to determine the thickness of a cell between two sheets of the substrate.

[Claim 3] The process as set forth in claim 1, wherein the optimum amount of
the liquid crystal is estimated by measuring dispersion density of spherical particles

dispersed to determine the thickness of a cell between two sheets of the substrate.

[Claim 4] The process as set forth in any one of claims 1 to 3, wherein the
estimation of the optimum amount of liquid crystal is carried out for every regions of

the substrate having a multiple sides where panels are formed.



[Claim 5] The process as set forth in any one of claims 1 to 4, wherein the
estimation of the optimum amount of liquid crystal is carried out simultaneously with

the formation of a main seal on one of two substrate sheets.

[Claim 6] The process as set forth in any one of claims 1 to 4, wherein the
estimation of the optimum amount of liquid crystal is carried out on during the stage

when the one-drop filling of the liquid crystal is carried out.
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[Title of the Invention]

' PROCESS FOR MANUFACTURING LIQUID CRYSTAL DISPLAY DEVICE

[Detailed Description of the Invention]

[Field of the Invention)

The present invention relates to manufacture of a liquid crystal display
device, more particularly, a process for manufacturing a liquid crystal display device
sealed with liquid crystal between two sheets of substrate using one-drop fill

injection.
[Description of the Prior Art]

Active matrix type color liquid crystal display device with thin film transistor
(TFT) as a switching element attracts attention as the mainstream of flat panel
display devices among liquid crystal display devices in prior arts, and requires an

improved method for mass-production of high quality liquid crystal display device.

The method for manufacturing the liquid crystal display device is generally
divided into the following processes: an array process of forming a circuit wiring
pattern (abbreviated to “pattern”) or a switching element such as thin film transistor
(TFT), for example, of an active matrix type display device, a cell formation process

for sealing the liquid crystal between at least two glass substrates which are
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orientation treated, have a spacer and/or are faced one another, and a module

formation process for mounting a driver IC or a back light.

Among those processes, the cell formation process comprises arrangement
of the spacer by any one of dispersing a number of spherical particles in the form of
beads over one side of the substrate, or forming at least one column type spacer
instead of the spherical particles on either or both sides of glass substrates faced
one another. The spacer formed using such method is adopted to retain a constant

cell-gap (i.e., thickness) between the faced glass substrates.

Additionally, the liquid crystal injection process includes, for example, a
vacuum-injection for sealing the liquid crystal between substrates which comprises
adhering an array substrate having TFT and aother substrate faced to the array
substrate having a color filter (CF) with a sealant then curing the sealant interposed
between both of the substrates, entering the liquid crystél and the substrates in a
vacuum bath to immerse a sealant feeding inlet in the liquid crystal, and keeping

inner condition of the bath at an atmospheric pressure.

In conventional manufacturing processes of the liquid crystal display device,
an one -drop fill process has recently been receiving attention, which includes one-
drop filling a defined amount of liquid crystal on surface of an array substrate within

a range of main seal formed around the substrate in the form of framework; and
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adhering the array substrate with another substrate faced to the array substrate in a
vacuum condition, thereby sealing the liquid crystal between the substrate.
Comparing with the traditional vacuum-injection process widely used in production
of a liquid crystal display panel, the one-drop fill process has advantages in that it
can remarkably reduce an amount of liquid crystal material and save an injection
time of the liquid crystal to result in reduction of expenses for manufacturing the
liquid crystal display panel, therefore, possibly improve mass-production thereof.
Accordingly, it stongly requires application of the one-drop fill process to a process

for manufacturing a liquid crystal display panel.

[Problems to be solved by the Invention]

An one-drop fill process comprises dropping a constant amount of liquid
crystal using a liquid crystal one-drop fill apparatus, that is, a dispenser. However,
this process has a drawback in that an amount of liquid crystal sealed between two
sheets of substrate becomes overs or shorts due to irregularity of one-drop fill
accuracy or cell-gap. If it lacks the amount of liquid crystal sealed, so called
bubbles are generated. On the other hand, excessive amount of the liquied crystal
sealed causes display unevenness of the liquid crystal display panel. The panel
having such bubbles or display unevenness should be rejected naturally as a

defective.
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The formation of a cell-gap as a column type spacer is likely to generate the
unevenness of column height (film thickness) between at least two substrates since
it forms the column with several micrometers of height on surface of the substrate
using resin based material. When the unevenness of column height is serious, it
causes extremely overs or shorts of amount of the liquid crystal if an one-drop filling

amount controlled for a substrate is directly applied to another substrate.

In case of a polyhedral substrate forming a plurality of liquid crystal panels
from a sheet of glass substrate, it may also generate the unevenness of column
height in regions of forming respective display panels. Therefore, an optimum
amount of liquid crystal one-drop fill in the polyhedral substrate may be often varied

for each of the display panel formation regions.

Furthermore, the formation of cell-gap using dispersion of beads needs
spherical particles with an even particle size. Howevér, since the optimum amount
of liquid crystal sealed between two sheets of the substrate adhered together is
varied depending on dispersion degree (that is, dispersion density) of the beads, it

may occur occasionally overs or shorts of the one-drop filling amount.

Accordingly, it is an object of the present invention to a process for
manufacturing a liquid crystal display device using one-drop fill injection capable of

dropping an optium amount of one-drop fill to respective substrates.
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[Means for Solving the Problem]

In an aspect of the present invention to accomplish the object described
above, the process for manufacturing the liquid crystal display device comprises
one-drop filling liquid crystal on a substrate; facing bottom end portion of the
substrate serving to collect the dropping liquid crystal to an opposite substrate then
adhering both of the substrates in a vacuum condition and returning the vacuum
condition to an atmospheric pressure; and injecting the liquid crystal at the
atmospheric pressure), wherein it estimates an optimum amount of the liquid crystal
sealed between two sheets of the adhered substrate based on the condition of the
substrate dropped with the liquid crystal and controls one-drop filling amount of the

liquid crystal based on the estimated amount.

According to a further aspect of the process described above, the optimum
amount of the liquid crystal is estimated by measuring height of a column type

spacer mounted to determine a cell-thickness between two sheets of the substrate.

According to a further aspect of the process described above, the optimum
amount of the liquid crystal is estimated by measuring dispersion density of
spherical particles dispersed to determine a cell-thickness between two sheets of

the substrate.

According to a further aspect of the process described above, the
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estimation of the optimum amount of liquid crystal is carried out in every regions for

a polyhedral substrate with panels being formed.

According to a further aspect of the process described above, the
estimation of the optimum amount of liquid crystal is carried out simultaneously with

formation of a main seal on one of two substrate sheets.

According to a further aspect of the process described above, the
estimuation of the optimum amount of liquid crystal is carried out on a substrate

stage for one-drop filling the liquid crystal.

The process for manufacturing the liquid crystal display device using the
one-drop fill of the present invention can determine the column height of the column
type spacer and drop the liquid crystal with the optimum amount based on the
determined column height. Further, the process can determine the dispersion
density when the spherical particles are dispersed, then, drop the liquid crystal with

the optimum amount based on the determined dispersion density.

Therefore, by the present invention, the liquid crystal can drop on each of
liquid crystal display panels with the optimum amount and eliminate bubbles
caused by lack of the liquid crystal amount and/or the unevenness in display
caused by excessive amount of the liquid crystal, thereby achieving a stable mass-
production of the liquid crystal display device.

10
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[Embodiment of the Invention]

Hereinafter, the present invention will become apparent from the following
detailed description, considered in conjunction with the accompanying drawings

containing FIG.1 to FIG. 11.

Referring to the drawings, FIG.1 illustrates a construction of CF substrate
used in the process for manufacturing a liquid crystal display device by an
embodiment of the present invention. In FIG. 1, it is shown a CF substrate typically
used for MVA type (Multi-domain Vertical Alignment) liquid crystal display device.
The CF substrate is an example of spacerless CF substrate used in formation of
black matrix BM using resin-overlapping method, and having a column having

repeated protrusions and serving as a spacer.

Referring to FIG. 1(A), oblique-lined portions are formed with color resins
R(Red), G(Green) and B(Blue) and function as color filters Other portions except
for the oblique-lined portions functions as the black matrix BM by overlapping the
color resins. Protrusions 20 and 20c are provided on surface of the color resins.
FIG. 1(B) is a cross-sectional view of the CF substrate along a section line A-A’ of
FIG. 1(A). In FIG. 1(B), the color resins R, G and B are formed on surface of a glass
substrate 22, while two of the color resins are overlapped between respective

elemental areas in cross direction to form a black matrix BM. Further, FIG. 1(C) is

"
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an alternative cross-sectional view of the CF substrate along a section line B-B’ of
FIG. 1(A). Portions other than lattice points form the black matrix BM by overlapping
two of the color resins. Besides, the lattice points are formed by overlapping all of
the color resins and has partial projections 20c among projections 20 functioning as

column type spacers.

Next, FIG. 2 illustrates a schematic construction of a plunger pump type
dispenser ess for manufacturing the liquid crystal display device of the present
embodiment. In FIG. 2, a dispenser 30 has a cylindrical case with the center
hollowed 32 to use a cylindrical center shaft approximately in vertical direction.
Within the case 32, a narrow profile form of piston 34 is supported to vertically
move along the cylindrical center shaft. Front end of the piston 34 can move inside
a nozzle 36 mounted vertically at bottom end portion of the case 32. Liquid crystal
in a liquid crystal container 38 inflows up to the nozzle 36 via a feeding line 40 by
following arrows illustrated in the container 38, the feeding line 40 and the nozzle
36. The liquid crystal reached to the nozzle 36 is dropping from the nozzie 36
depending on amount of movement of the front end of the piston 34 toward the
nozzle 36 and does not discharge out of the nozzle 36 by surface tension of the

liquid crystal itself as far as no external force is applied.

Two airstream inlets 42 and 44 are formed and vertically spaced each other

12
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on the lateral wall of an air chamber in the case 32. In the piston 34, a compartment
46 is located to divide inner space of the air chamber into two parts. The
compartment 46 can slide along inner wall of the air chamber between the
airstream inlets 42 and 44 with the piston 34. Thus, the compartment 46 moves
downward by a pressure applied to vertically lower portion of the air chamber when
air flows into the air chamber through the inlet 42. On the contrary, if the air flows
into the air chamber through the inlet 44, the compartment 46 moves upward by the
pressure applied to vertially upper portion of the air chamber. Accordingly, the

piston 34 can move a constant distance in the vertical direction.

The airstream inlets 42 and 44 are linked to a pump controller 48. The pump
controller 48 inhales air and transfers the inhaled air at a desirable timing to any

one of the inlets 42 and 44.

The dispenser 30 described above can one-drop fill the liquid crystal 50 in
an amount of 5mg per shot. In this case, one-drop filling amount of the liquid crystal

per shot can be regulated using a micro gauge 52 fitted to the piston protruding at

A top side of the case 32 and controlling the distance of vertical movement of the

piston 34.

Next, FIG. 3 is a schematic explanation of an one-drop fill injection used in

the process for manufacturing the liquid crystal display device of the present

13
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embodiment. First of all, as shown in FIG. 3(A), the liquid crystal 62 from the
dispenser 30 (not shown) is dropped on multiple portions of surface of an array
substrate 60 having a switching element, for example, TFT formed. Then, a CF
substrate 66 as an opposite substrate coated with curable UV sealant 64 around
periphery of a display region in which common electrodes and/or color filters are
formed is aligned, followed by attachment thereof to an array substrate 60. This
process is carried out in a vacuum condition. Afterthen, the vacuum condition
returns to an atmospheric state, thus, as shown in FIG. 3(B), the liquid crystal 62
between the CF substrates 66 is dispersed by the atmospheric pressure to the
combined array substrate 60. Subsequently, as shown in FIG. 3(C), UV ray 72
radiates to a sealant 64 while moving an UV source 70 in a direction 68 following
an arrow around a region coated with the sealant 64 (a main seal) to cure the
sealant 64. As a result, a cell-gap (cell thickness) forms between the array
substrate 60 and the CF substrate 66 and a liquid crystal display panel having the

cell-gap is completed by means of a plurality of the columns 20c shown in FIG. 1.

Herein, a relationship of the optimu'rh~ one-drop filling amount with the cell
thickness is illustrated in FIG. 4. FIG. 4 proposes a liquid crystal display panel
having the length of framework t;) the lengh of angle of 15 inches and the cell
thickness of 5 ym. Hereinafter, the liquid crystal display panel will be described in

detail referring to further following drawings.
14
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FIG. 4 illustrates a graphical diagram having a horizontal axis for the liquid
crystal one-drop filling amount (mg) to exhibit a range of the otimum one-drop filling
amount and 6vers or shorts of the liquid crystal amount. In this graphic diagram, it
will clear that about 250mg at center of the graph is the optimum one-drop filling
amount. Margin 200 of the one-drop filling amount to the liquid crystal display panel
is the optimum one-drop filling amount + 2.0%, that is, ranging from 245 mg to 255
mg. If the one-drop filling amount is in the range 202 less than 245mg, the panel
has a lack of the liquid crystal amount to generate bubbles, thereby becoming a
faulty panel. On the other hand, when the one-drop filing amount is in the range
204 more than 255mg, excess liquid crystal is shoved out into the surrounding
framework portion to increase the cell thickness on.the framework portion and

generate unevenness in display, thereby also becoming the faulty panel.

FIG. 5 illustrates a graphical diagram for a relationship of the optimum liquid
crystal amount to the column height of the column type spacer in the liquid crystal

display panel.

In FIG. 5, the horizontal axis represents the column height (um) while the
longitudinal axis represents the optimum liquid crystal amount (mg). As shown in
FIG. 5, if the column height is distributed within a range of + 0.2um around the

center of Spym, the optimum liquid crystan amount has a deviation in a range of

15



10

15

+10mg around the center of 250mg.

Compared to FIG. 4, a panel having 15 inches is obtainable if the cell
thickness is 5 pm and the column height is within 5 + 0.1ym. The unevenness of
column height is substantially within £0.1um for the same lot. However, if different
lots are used depending on the condition of film formation, they may ocurr
unevenness of + 0.2um. Further, if the substrate is a polyhedral substrate to form
a plurality of panels from a sheet of glass substrate, the column height of a column
type spacer formed in each of the panel formation regions on the glass substrate
may have occasionally a difference of about + 0.1ym between respective panel

formation regions.

FIG. 6 shows a graphical diagram for a range of the optimum one-drop
filling amount to the difference of column height. In FIG. 6, the horizontal axis
represents the one-drop filling amount (mg). As shown in FIG. 6, for the column
height of 5um, the optimum range of one-drop fill 210 ranges from 245mg to
255mg. This result is same to the optimum range of one-drop fill 200 shown in FIG.
4. On the contrary, the optimum range of one-drop fill 212 for the column height of
4.9um ranges from 240mg to 250mg. Further, the optimum range of one-drop fill

214 for the column height of 5.1um ranges from 250mg to 260mg.
Even if the liquid crystal one-drop filling amount is set up for the column
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height of 5um, there may cause the following problems in case the column height of
the substrate under the one-drop fill process varies actually to, for example, 4.9um
or 5;1um: for example, when the liquid crystal drops on the substrate having the
optimum one-drop filling range 212 with an amount in the range (represented by an
arrow 216) more than a maximum allowable amount of one-drop fill of 250mg, the
panel has an excess of the liquid crystal. On the contrary, if the liquid crystal drops
on the substrate having the optimum one-drop filling range 214 with an amount in
the range (represented by an arrow 218) less than a minimum allowable amount of

one-drop fill of 250mg, the panel has a lack of the liquid crystal.

As described above, an inferior panel may occur if the difference of one-
drop filling amount to the column height is more than 2.0%. In other words, if the
column height has the difference of 0.1pm, the cell thickness of 5um shows 2%
difference. if the optimum one-drop filling amount is fixed to a constant value on the
assumption for the cell thickness of 5um, the unevenness of column height for each
of the substrates can never been compensated. As a result, the liquid crystal one-
drop filling amount becomes uneven due to other elements such as the dispenser

to generate faulty panels.

According to the one-drop fill injection process illustrated in FIG. 3, the

column height of the column type spacer is measured in advance and, on the basis
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of the measured height, the liquid crystal one-drop filling amount can be controlled.

FIG. 7 illustrates a measurement method of the column height. FIG. 7
represents a double-sided panel production comprising preparing two sheets of
liquid crystal display panels 82 on a sheet of glass substrate 80. For example, two
sheets of CF substrate 82 having the column type spacers formed are defined as A
side and B side. For each of A and B sides, the column heights at a number of
points (numbers 1 to 5 illustrated in FIG. 7) are determined by means of laser
displacement sensor 84, followed by calculation of the mean thereof. In addition,

the CF substrate side is already under a desired orientation treatment.

Next, a thermal and UV sealant is coated to TFT substrate side after the
orinatation treatment. Thereafter, the liquid crystal amount dropped on the TFT
substrate side is controlled, based on the column height at the TFT substrate side

predeteremined by means of the method shown in FIG. 7.

As shown in FIG. 8, two dispensers are prepaed for the liquid crystal one-
drop fill process. One 90 of the dispensers is same to that described in FIG. 2 R>2
and regulated to drop the liquid crystal by 5mg per shot. Besides, the other 92 of
the dispensers has the same structure with the dispenser 90, but, is regulated to

drop the liquid crystal by 2 mg per shot using the micro-gauge 52.

As shown in FIG. 8, a glass substrate 94 for preparing the TFT substrate,

18
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like as the glass substrate 80 for preparing the CF substrate (see FIG. 7), has a
construction of double-sided panel to prepare two sheets of TFT substrate 96. A
main seal 98 from UV sealant coated around periphery of the glass substrate 94 is

formed on respective regions 82 to produce the TFT substrate.

First of all, by using the dispenser 90 with controlled shot of 5mg, a constant
amount of the liquid crystal is dropped on a side on which the TFT substrate 96
within the UV sealant coating range 98 is formed, based on a mean column height
of the column type spacer disposed on the predetermined CF substrate side. For
example, described is a particular case of A side having 5pum while B side having
5.1uym as the mean column height, by means of dimension measurement of a

completed CF substreate.

To the side which the TFT substrate opposite to A side is formed, the liquid
crystal is shot dropping for 50 times by 5mg per shot by means of the standard
dispenser 90. For example, the shot dropping comprises measuring the column
height of the column type spacer by a constant interval for each of the substrates;
then controlling one-shot increase and/or one-shot decrease by 0.1um

increase/decrease unevenness.

To the side which the TFT substrate opposite to B side is formed, the liquid

crystal is shot dropping 51 times by 5mg per shot by means of the standard
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dispenser 90. For example, the shot dropping comprises measuring the column
height of the column type spacer by a constant interval for each of the substrates;
then controlling one-shot increase and/or one-shot decrease by 0.1pm

increase/decrease unevenness.

Since the dispenser 90 has +1% deviation to the one-drop filling amount,
the one-drop filling amount must be controlled up to near the center section of the
optimum one-drop filling range for each of the column heights illustrated in FIG. 6 in
order to drop the liquid crystal within the margin of one-drop fill amount, otherwise,
it may occur generation of faulty panels. In addition, the one-drop filling amount per
shot to be set up is higher and, sometimes, it may occur an incon\)enience in micro-
controlling the one-drop filling amount set up. In such case, the dispenser 92 with a
small amount of one-drop fill is employed to drop and micro-control the liquid crystal

101.

Further, the obtained glass substrates with controlled amount of one-drop fill
are attached each other in a vacuum condition as described in FIG. 3(B). When
the combined substrate is exposed to the atmosphere, a gap is completely formed
using a difference between the vacuum and the atmospheric pressures because
inside of the substrate retains the vacuum condition. Afterthen, the sealant 98 is

exposed to UV light and primarily cured, then thermally cured in an oven. Two
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sheets of the glass substrate after attachement are cut scribing a constant position
of each side of both glass substrate sheets to obtain two sheets of liquid crystal

display panel.

Further, the dispenser shot drops a lot, for example, 50 times and has a
possibility to render total one-drop filling amount of the liquid crystal to be uneven.
Therefore, the process for preparing the liquid crystal display panel may further
comprise (1) after measuring the liquid crystal in advance based on total weight or
total volume required then dropping the liquid crystal as a whole; or (2) dropping the
liquid crystal using the dispenser after placing the panel on a load meter, while
variation of the weight accumulated is monitored to determine an exact amount of

the one-drop fill.

Next, referring to FIG.9 to FIG. 11, described in detail is a configuration
example of an in-line type processing apparatus using a manufacture process of
liquid crystal display device by the embodiment of the present invention. FIG. 9
illustrates a configuration diagram of the in-line type apparatus adopting
measurement of column height and seal-patterning at the same time. In FIG. 9,
after completing orientation of CF substrate and TFT substrate, both of the
substrate move to washers 120 and 122 to be cleaned, respectively. The cleaned

CF substrate transfers to a column height metering device 124 while the cleaned
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TFT substrate transfers to a seal patterning device 126.

The column height metering device 124 comprises, for example, the laser
displacement sensor. The column heights at multiple points of a column type
spacer formed on the CF substrate are measured, followed by estimating an
average from the measured values. The average resulted from the measurement of
column height is sending to a liquid crystal one-drop filling apparatus 128. On other
hand, the seal patterning device 126 has the same structure and function with the
dispenser shown in FIG. 2. The device 126 forms a main seal using and patterning
a UV sealant in the form of framework around periphery of the TFT substrate. The
TFT substrate formed with the main seal transfers to the liquid crystal one-drop

filling apparatus 128.

The liquid crystal one-drop filling apparatus 128 has the dispenser shown in
FIG. 2 fo drop the constant amount of liquid crystal into the main seal of the TFT
substrate based on a measurement result of the column height at the CF
substrate. Following to the above, the CF substrate and the TFT substrate are
sending to a vacuum attachment apparatus 130 to combine both of the substrates
together while keeping a desired cell-gap. The combined substrate moves to a

downstream apparatus after curing with an UV curing device 132.
Next, FIG. 10 is another flow chart illustrating an alternative configuration
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example of the in-line type processing apparatus using a manufacture process of
liquid crystal display device by the embodiment of the present invention. FIG. 10
iI.Iustrates a configurational diagram of the in-line type apparatus adopting
measurement of column height and, substantially at the same time, seal-patterning
on the same substrate. In FIG. 10, the cleaned CF substrate is sending to a
device 125 for measuring the column height and for seal-patterning simultaneously
to complete both of the column height measurement and the seal-patterning. The
seal-patterning progresses while monitoring dents on surface of the substrate with
the laser displacement sensor. The laser displacement sensor can also be
employed to determine the column height. The cleaned TFT substrate is directly
entered into the liquid crystal one-drop filing apparatus 128 without the seal-
patterning. In this case, the CF substrate is subjected to the seal-patterning.
According to the configuration shown in FIG. 10, it is possible to eliminate the seal-
patterning device at the TFT substrate side, thereby reducing a space required for

the in-line type apparatus.

FIG. 11 is a further flow chart illustrating an alternative configuration
example of the in-line type processing apparatus using a manufacture process of
liquid crystal display device by the embodiment of the present invention. FIG. 11
illustrates a configurational diagram of the in-line type apparatus adopting

measurement of column height and, substantially at the same time, seal-patterning.
23
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In FIG. 10, the cleaned CF substrate is sending to a device 129 for measuring the
column height and for seal-patterning. The TFT substrate after the seal-patterning

is also sending to the device 129.

The device 129 for measuring the column height and for seal-patterning
comprises further a small size laser displacement sensor for measuring the column
height inside XY stage for liquid crystal one-drop filling in addition to the dispenser.
Therefore, the device 129 for measuring the column height and for seal-patterning
drops the constant amount of liquid crystal on either of CF substrate or TFT
substrate based on a measurement result of the column height at the column space
of the CF substrate. According to the configuraﬁon of FIG. 11, it is possible to

reduce a space required for the in-line type apparatus.

The liquid crystal display panel manufactured as described above has a
constant amount of liquid crystal determined depending on column height. For this
reason, no gap failure caused from so-called over-generation of bubbles due to a
lack of the liquid crystal is occurred, thereby enabling extremely stable appearance
quality of the panel to be retained. In addition, by conventional techniques, several
CF substrates manufactured on defferent dates, which are combined together and
introduced on the process, derive principally failure of the panel products. However,

according to the present invention, it is possible to entirely compensate variation in
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the optimum one-drop filling amount on the same lot and/or variation in the
optimum one-drop filling amount on a polyhedral glass substrate, thereby
corresponding to mass-production of the liquid crystal display device using the one-

drop fill process.

The present invention is not restricted to the above examples which are
only used to illustrate the invention and, numerous modifications and alterations of
the present invention will be readily appreciated by those skilled in the art without
departing from the scope of the present invention. For example, the above
embodiment used the column type spacer mounted on CF substrate side, however,
the column type spacer can be formed on TFT substrate side or both of the CF

substrate side and the TFT substrate side.

Additionally, it was described that the cell thickness was obtained using the
column type spacer, however, can be also given using dispersing beads to the
other substrate. The beads dispersion method comprises feeding back a dispersion
density of beads, which is generally determined for other purposes, to the control of
one-drop filling amount; and one-drop filling a constant amount of liquid crystal
based on the dispersion density, thereby accomplishing the same effect by the

embodiment of the present invention.

[Effect of the Invention]

25



As described above, the present invention can one-drop fill an optimum
liquid crystal amount to each of liquid crystal display panels and eliminate gap
failure caused by bubbles and/or excessive supply of the liquid crystal, theréby
achieving stable mass-production of the liquid crystal display device. Accordingly,
the present invention can reduce production failure caused by the one-drop fill
injection method and accomplish a production yield with the same level with the
current vacuum injection process. Further, the presen invention can save
production expenses by simplification of the process employing the one-drop fill

injection method.
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[Description of Drawings]

FIG.1 illustrates a configuration of CF substrate used in the process for
manufacturing a liquid crystal display device by an embodiment of the present

invention.

FIG. 2 illustrates a schematic configuration of a dispenser used in the
process for manufacturing the liquid crystal display device by the embodiment of

the present invention.

FIG. 3 illustrates a schematic configuration of an one-drop fill injection used
in the process for manufacturing the liquid crystal display device by the

embodiment of the present invention.

FIG. 4 illustrates a range of the otimum one-drop filling amount and overs or

shorts of the liquid crystal.

FIG. 5 illustrates a graphical diagram for a relationship of the optimum liquid

crystal amount to the column height.

FIG. 6 illustrates a range of the optimum one-drop filling amount to different

column heights.

FIG. 7 illustrates a measurement method of the column height.
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FIG. 8 illustrates a control of one-drop filling amount in the one-drop fill
injection method used in the process for manufacturing the liquid crystal display

device by the embodiment of the present invention.

FIG. 9 illustrates a configuration diagram of an in-line type apparatus used
in the process for manufacturing the liquid crystal display device by the

embodiment of the present invention.

FIG. 10 illustrates an alternative configuration diagram of the in-line type
apparatus used in the process for manufacturing the liquid crystal display device by

the embodiment of the present invention.

FIG. 11 illustrates a further configurational diagram of the in-line type
apparatus used in the process for manufacturing the liquid crystal display device by

the embodiment of the present invention.

[Meaning of numerical symbols in the drawings)

20: protrusion 20c:  protrusion (column)
30: dispenser 32: case

34: piston 36: nozzle

38: liquid crystal container 40: feeding line

42,44: air stream inlet 46: compartment

48: pump controller 50: liquid crystal
T 28



10

15

52:

substrate)
62:
66:
70:
80:
82:
84:
94:
96:

98:

micro gauge 60:
liquid crystal 64:
CF substrate 68:

UV light source

glass substrate

array substrate

UV sealant
movement direction

72: UV light

surface of substrate to form panel (CF substrate)

laser displacement sensor  90,92: dispenser

glass substrate

surface of substrate to form TFT substrate

UV sealant 100, 101: liquid crystal

120,122: washer

124:

125:

126:

128:

129:

apparatus

130:

column height measurement device

column height measurement and seal patterning device

seal patterning device

liquid crystal one-drop filling apparatus

(TFT

liquid crystal measurement and liquid crystal one-drop filling

vacuum attachment apparatus

29

132: UV curing device
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